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Purpose: Since the North American Symptomatic Carotid Endarterectomy Trial 
(NASCET) and the Asymptomatic Carotid Artery Stenosis Study (ACAS) established 
the efficacy of carotid endarterectomy at large academic centers, there have been two 
community-based studies of outcomes after this operation. The purpose of this study 
was to perform a statewide survey to evaluate postoperative morbidity and mortality 
after carotid endarterectomy among patients throughout Maine. 
Methods: A statewide registry was established to collect prospective data on carotid oper- 
ations from January 1 to December 31, 1995. All surgeons and hospitals in the state 
were solicited to participate. All carotid endarterectomies were intended to be included; 
the only exclusion criterion was out-of-state residence. Comorbidities, preoperative 
studies, surgical indications, operative technique, and postoperative outcomes were ana- 
lyzed. State administrative data were used to assess registry coverage. 
Results: Ten of 17 hospitals participated, and 58% of all carotid endarterectomies per- 
formed in the state were included. Three hundred sixty-four operations were entered 
into the registry. Forty-four percent of the operations were performed for transient 
ischemic attack, 37% for asymptomatic stenosis, and 19% for stroke. The postoperative 
stroke rate was 2.5% with a total neurologic complication rate of 4.7% (transient 
ischemic attack and stroke). There was one postoperative death (mortality rate 0.3%). 
Patients with symptoms had a higher incidence of postoperative stroke (4.0% vs 0% 
asymptomatic; p < 0.05) and transient ischemic attacks (3.8% vs 0.8% asymptomatic). 
Hospital stroke rates varied from 0% to 7%. Stroke rate did not differ significantly 
between low-volume hospitals (2 to 28 patients/year, 3.3%) and high-volume hospitals 
(29 to 101 patients/year, 2.3%) or between low-volume surgeons (fewer than 11 oper- 
ations/year, 1.7%) and high-volume surgeons (more than 12 operations/year, 2.4%). 
Among 26 reporting surgeons, stroke rate varied from 0% to 10%; the absolute number 
of strokes per surgeon varied between zero and two. 
Conclusion: The statewide registry showed a postoperative stroke plus death rate of 
2.8%, comparable with the NASCET and ACAS findings. Although this study had 
inherent limitations, the results from one state, including a variety of community prac- 
tices, achieved results comparable with those of landmark trials. (J Vase Surg 
1998;27:1017-23.) 
The North American Symptomatic Carotid 
Endarterectomy Trial (NASCET) and the Asym- 
ptomatic Carotid Artery Stenosis Study (ACAS) 
established the efficacy of carotid endarterectomy per- 
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formed at academic enters by selected surgeons.i, 2 
These trials demonstrated that operation is the pre- 
ferred management of both symptomatic and asymp- 
tomatic carotid artery occlusive disease with high- 
grade stenosis when performed with low perioperative 
morbidity and mortality rates. In the past communi- 
ty-based studies ometimes demonstrated a high inci- 
dence of postoperative morbidity and mortality that 
called into question the effectiveness of the operation 
in widespread clinical practice. 3-5 
Since the reporting of the NASCET and ACAS 
findings, there have been only a few community- 
based studies of carotid endarterectomy.6,7 The ques- 
tion remains whether the surgical community at large 
can achieve the results obtained in the trials with 
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Table I. Characteristics ofpatients and procedures at participating and nonparticipating hospitals: Dis- 
charge data, carotid endarterectomy, Maine, 1995 
Characteristic Participating hospitals (n = 10) Nonparticipating hospitals (n = 7) 
Reported to registry Not reported 
Patients 
Number 341 138 96 
Age (yr) 
<50 2 1 2 
50-59 14 11 12 
60-69 35 40 41 
70-79 41 41 37 
_>80 8 6 9 
Sex 
Male 66 62 54 
Female 34 38 46 
Procedures 
Number 362 153 105 
Death rate 0.3* 1.3" 1.9 
Unless number is indicated, values are percentages. 
*Differences not statistically significant. 
acceptably ow postoperative complication rates. We 
performed a statewide study of carotid endarterecto- 
my in Maine to evaluate morbidity and mortality after 
carotid endarterectomy in general clinical practice. 
METHODS 
The Maine Carotid Endarterectomy Registry 
was established by the vascular surgery study group 
of the Maine Medical Assessment Foundation, apri- 
vate, nonprofit, research and education organiza- 
tion. Ten of 17 hospitals contributed to the registry. 
Surgeon participants collected data from January 1 
to December 31, 1995, for all carotid endarterecto- 
my admissions. Information obtained included 
patient demographic features, comorbidity, indica- 
tions for the procedure, characteristics of the proce- 
dure, in-hospital outcomes, and surgeon and hospi- 
tal identification. Data were entered into a comput- 
er registry. To confirm completeness of the registry 
data, we obtained ischarge data from Maine Health 
Information, astate-supported agency, for all carotid 
endarterectomies (International Classification of 
Diseases-9 code 3812) performed in Maine during 
calendar year 1995. Maine Health Information 
obtains information all hospital discharges in the 
state. 
The number of carotid endarterectomies per- 
formed in the state was compared with the number 
of procedures reported to the registry according to 
hospital. By means of matching birth date, sex, pro- 
cedure date and hospital, the discharge data were 
used to assess the accuracy of the reporting of death 
as an outcome in the registry. Characteristics of 
patients and procedures not registered and patients 
in nonparticipating hospitals were compared 
descriptively with those entered into the registry. 
Death as an outcome was documented from state 
discharge data and compared with registry data. 
State discharge data, however, did not differentiate 
preoperative and postoperative strokes and thus 
could not be used to validate postoperative neuro- 
logic morbidity. 
To further verify the accuracy of the registry data, 
all charts of patients undergoing carotid endarterec- 
tomy at one hospital during calendar year 1995 were 
reviewed. This included registered and unregistered 
patients. Accuracy of postoperative events, including 
stroke, transient ischemic attack (TIA), myocardial 
infarction, and death were evaluated. 
Indications were coded in a hierarchical manner; 
that is, when a more definitive indication such as 
stroke was coded in addition to a lesser indication 
such as high-grade stenosis, the indication was coded 
as stroke. Indications of stroke, TEA, reversible 
ischemic neurologic deficit, amaurosis fugax, or 
aphasia were coded symptomatic; allothers, including 
nonhemispheric symptoms uch as dizziness, were 
coded asymptomatic. Missing values for outcome 
variables were coded no. 
Stroke and neurologic omplication (stroke plus 
TEA) rates, expressed as percentages, were comput- 
ed from registry data according to hospital and sur- 
geon. Procedure volume was calculated from reg- 
istry data. Procedure volume by hospital and by sur- 
geon was categorized through use of the median to 
divide high and low volumes of each category. Corn- 
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Table II. Patient characteristics: Maine Carotid 
Endarterectomy Registry, 1995 
Characteristic n (%) 
Total no. of patients 341 
Diabetes 
NIDDM 53 (16) 
IDDM 29 (9) 
Cardiac disease 155 (46) 
Atrial fibrillation 15 (5) 
Angina 73 (22) 
Prior myocardial infarction 81 (25) 
Prior revascularization 54 (17) 
Hyperlipidemia 154 (47) 
Hypertension 229 (68) 
Peripheral vascular disease 115 (35) 
Smoking 184 (56) 
Previous carotid endarterectomy 56 (19) 
NIDDM, Non-insulin-dependent diabetes mellitus; IDDM, 
insulin-dependent diabetes mellitus. 
plication rates were compared across volume cate- 
gories. Complication rates also were compared 
among symptomatic and asymptomatic nstances. 
Standard statistical procedures were used to perform 
chi-square tests to assess the statistical significance of 
differences in proportions across volume and symp- 
tom categories. 
RESULTS 
Comparison of registry and discharge data. 
Three hundred sixty-two of 620 procedures per- 
formed in the state (58%) were reported to the reg- 
istry (Table I). One hundred five carotid 
endarterectomies were performed at the seven non- 
participating hospitals (Table I). Participating hos- 
pitals were larger than nonparticipating hospitals 
and performed more complex operations. In partic- 
ipating hospitals, 2% of carotid endarterectomies 
were performed with cardiac operations. Age and 
sex distributions were similar in participating and 
nonparticipating hospitals and among participating 
hospitals were similar for registered and unregis- 
tered patients. 
Registry data: Patient demographics, indica- 
tions and procedure characteristics. Sixty-six per- 
cent of registry patients were men (Table II). The 
mean age was 69 years. Only 15% of registry patients 
were 60 years of age or younger, and 8% were older 
than 80 years. More than half the population 
smoked. One fourth of the population had diabetes, 
and nearly half had cardiac disease. Nineteen percent 
of the population had undergone prior contralateral 
carotid endarterectomy, and 21 patients (6%) under- 
went bilateral staged procedures during 1995. 
Table III. Procedure characteristics: Maine 
Carotid Endarterectomy Registry, 1995 
Characteristic n * (%) 
Total no. of procedures 362 
Indication 
Symptomatic 224 (63) 
Cerebrovascular accident 68 (19) 
Transient ischemic attack 156 (44) 
Asymptomatic 129 (37) 
Priority 
Elective 232 (71) 
Urgent 88 (27) 
Emergency 7 (2) 
Procedure 
Patch 58 (16) 
Intraoperative angiography 48 (14) 
Monitoring 
Stump pressure 5 (1) 
Electroencephalogram 193 (54) 
Awake anesthesia 16 (5) 
Shunting 118 (34) 
No monitoring or shunting 21 (6) 
*May not total 362 because of missing data. 
The indications for operation were TIA (44%), 
asymptomatic stenosis (37%), and stroke (19%) 
(Table III). Eighty-eight (27%) of the operations 
were performed urgently, defined as requiring con- 
tinued hospitalization until operation, and seven 
(2%) were emergencies. Fifty-four percent of 
patients underwent monitoring by means of elec- 
troencephalogram under general anesthesia, 1% with 
stump pressure, 5% with awake anesthesia, and 34% 
with routine shunting. Six percent of procedures 
involved no monitoring or shunting. 
Registry data: Outcomes. The postoperative 
stroke rate among registry patients was 2.5% (Table 
IV). The mortality plus stroke rate was 2.8%. 
Patients with symptoms had a 4.0% stroke rate and a 
3.8% TIA rate. Patients without symptoms had a 0% 
stroke rate and a 0.8% TIA rate. Patients treated in 
low-volume hospitals (2 to 28 registry procedures 
per year) had a stroke rate of 3.3% compared with a 
rate of 2.3% among high-volume hospitals (29 to 
101 registry procedures per year). Low-volume sur- 
geons (1 to 11 procedures per year) reported a 
stroke rate of 1.7%. The stroke rate among patients 
of high-volume surgeons (12 to 41 procedures per 
year) was 2.4%. Neither of these volume-related dif- 
ferences was statistically significant. The overall rate 
of neurologic omplications (stroke plus TIA) was 
4.7% with no significant differences by hospital or 
surgeon volume. 
The institutional stroke rate ranged from 0% to 
7.1% (Table V). The absolute number of strokes var- 
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Table IV. Procedure outcomes: Maine Carotid Endarterectomy Registry, 1995 
Stroke rate 
Outcome No. of operations No. of strokes (% and range) 
Overall 362 9 2.5 
By institution (n = 10) 
Low case load (2-28/yr) 60 2 3.3 (0-7.1) 
High case load (29-101/yr) 301 7 2.3 (0-5.9) 
By surgeon (n = 23) 
Low case load (1-11/yr) 60 1 1.7 (0-10.0) 
High case load (12-41/yr) 293 7 2.4 (0-7.7) 
By patient 
Without symptoms 129 0 0.0 
With symptoms 224 9 4.0* 
*p = 0.02. 
Table V. Stroke rate by hospital: Maine Carotid 
Endarterectomy Registry, 1995 
No. of No. of Stroke 
Hospital no. operations strokes rate (%) 
1 2 0 0 
2 7 0 0 
3 9 0 0 
4 14 0 0 
5 28 2 7 
6 39 1 3 
7 43 2 5 
8 51 3 6 
9 67 0 0 
10 101 1 1 
ied between 0 and 3 per hospital. This variation in 
stroke rate was not statistically significant. Twenty- 
three surgeons contributed registry data. Stroke rate 
by surgeon ranged from 0% to 10% (Table VI). The 
absolute number of strokes per surgeon varied 
between 0 and 2, and this variation did not approach 
statistical significance. One stroke could not be iden- 
tified by surgeon because the identifier was missing 
on the registry form, so the number of strokes by 
surgeon totals only eight (Tables IV and VI). 
One death, recorded in the registry, was shown 
at review of the state discharge data and registry col- 
lection form to be a coding error on the registry 
form. Another death was identified in the state dis- 
charge data among registry patients that was not 
reported on the registry form. Thus two errors 
(0.6%) were identified in the registry mortality data, 
and these cancelled each other out. 
DISCUSSION 
The NASCET established that carotid endar- 
terectomy is beneficial to patients with symptoms 
and stenosis >70%. 1 The postoperative death plus 
stroke rate was 5.8% for all surgical patients, with a 
2.1% major stroke plus death rate. The ACAS estab- 
lished that carotid cndartcrectomy is beneficial to 
patients without symptoms and stenosis >_60% with a 
postoperative stroke plus death rate of 2.3% and that 
it reduces the 2-year isk for stroke by 53%. 2 These 
two landmark trials established the efficacy of 
carotid endarterectomy in highly controlled settings 
with carefully selected patients and surgeons. 
Because of the highly selective process used in the 
trials, questions have been raised concerning the 
applicability of these findings to clinical practice. We 
tried to address the following question: Can unse- 
lccted hospitals and surgeons perform carotid 
endarterectomy with results comparable with those 
achieved in the landmark trials? 
The vascular surgery study group of the Maine 
Medical Assessment Foundation established the 
Maine Carotid Endarterectomy Registry in an 
attempt o answer the question. All surgeons in 
Maine performing carotid endarterectomy were 
solicited to participate. Ten of 17 hospitals in the 
state participated in the study. Data were collected 
prospectively and forwarded to the study group for 
entry. By means of correlation with discharge data, it 
was found that 58% of all procedures performed in 
the state were reported to the registry. The Maine 
Carotid Endarterectomy Registry data showed that 
the postoperative stroke plus death rate was 2.8%. 
These data demonstrate hat carotid endartcrcctomy 
can be safely performed in Maine at a variety of insti- 
tutions by a variety of surgeons. 
There have been two other statewide reviews of 
carotid endarterectomy. A report from the Kentucky 
Vascular Surgical Society reviewed 986 carotid 
endarterectomies and found a 2.3% incidence of 
JOURNAL OF VASCULAR SURGERY 
Volume 27, Number 6 Mayo et al. 1021 
postoperative stroke plus death. 6That study was lim- 
ited by incomplete participation, and no external 
data source was used to corroborate r ported results. 
Another statewide review was done with the Mary- 
land Health Services Cost Review Commission data- 
base. 7That database contained information on 9918 
carotid endarterectomies performed in the state in 
one year. The study criteria excluded combined 
carotid endarterectomy-cardiac operations and 
emergency operations. In the Maryland review, the 
postoperative stroke plus death rate was 2.6%. This 
study did show higher mortality and stroke rates in 
low-volume hospitals (<10 operations/year). 
Combining our study findings with those of the 
studies from Kentucky and Maryland shows a 
notably similar postoperative stroke plus death 
rate--2.8%, 2.3%, and 2.6%, respectively (Table 
VII). These results for relatively unselected patients 
were comparable with the postoperative stroke plus 
death rates in the NASCET and ACAS--2.1% and 
2.3%, respectively (Table VII). These statewide stud- 
ies demonstrated that results in community practice 
can be comparable with the outcomes reported in 
the landmark trials. 
The use of registry data to assess outcomes has 
inherent weaknesses. The surgeon provided registry 
data. The data were self-reported, which raises con- 
cerns about observer bias. There is also no denomi- 
nator to assess completeness of reporting. Our study 
had two approaches to corroborate reporting. 
Review of administrative data allowed us to assess 
both completeness of reporting and accuracy of the 
most important adverse outcome--death. At one 
large institution, all charts for patients undergoing 
carotid endarterectomy were reviewed retrospective- 
ly and compared with registry data specifically for 
postoperative outcomes. Although not all patients 
from this hospital were reported to the registry, there 
was 100% correlation with registry data, and no 
major adverse outcomes were not reported to the 
registry. 
This study had other limitations. Only 10 of the 
17 hospitals performing caroti d endarterectomy par- 
ticipated, and even at participating hospitals data 
were not obtained for all patients and all surgeons. 
Of the seven hospitals that did not participate, six 
were small (15 or fewer carotid endarterectomies p r
year) and geographically remote. One of the nonpar- 
ticipating hospitals was an osteopathic hospital. 
There was no statistically significant difference in 
mortality bctween nourcporting hospitals and unreg- 
istered patients and registered patients although sta- 
Table VI. Stroke rate by surgeon: Maine Carotid 
Endarterectomy Registry, 1995 
No. of No. of Stroke 
Surgeon o. operations strokes rate (%) 
1 1 0 0 
2 2 0 0 
3 2 0 0 
4 2 0 0 
5 3 0 0 
6 5 0 0 
7 5 0 0 
8 9 0 0 
9 10 0 0 
10 10 1 10 
ii ii 0 0 
12 12 0 0 
13 14 I 7 
14 14 0 0 
15 18 1 6 
16 20 0 0 
17 21 1 5 
18 24 1 4 
19 25 0 0 
20 26 2 8 
21 39 1 3 
22 39 0 0 
23 41 0 0 
Table VII. Postoperative complication rates: 
Maine Carotid Endarterectomy Registry, 1995 
Study Stroke plus death rate (%) 
Randomized trials 
NASCET 2.1 
ACAS 2.3 
Statewide reviews 
Kentucky 2.3 
Maryland 2.6 
Maine 2.8 
tistical evaluation was limited by small numbers. 
Although this does not cast doubt on the results in 
the registry, it does call for caution in generalizing 
the outcomes in this study to all settings, even with- 
in Maine. 
"Results mean everything. "8 The benefits of 
carotid endarterectomy can be realized only with 
acceptably low postoperative morbidity and mor- 
tality rates. Every surgeon and hospital should be 
aware of their own results. The Maine Medical 
Assessment Foundation has shown that an educa- 
tional, nonregulatory (and nonthreatening) ap- 
proach to informing physicians about their own 
practice patterns compared with those of their col- 
leagues has been an effective method of engaging 
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physic ians and improv ing  pat ient  care. 9-11 The  
activities o f  the foundat ion  have been based on the 
premise that  all physic ians strive to improve  the 
care they deliver and welcome in format ion about  
their  practice patterns compared  with those o f  their 
peers. This study began not  as an academic exercise 
but  as an effort  in statewide qual ity improvement .  
In  keep ing  wi th  the past  pract ice  o f  the Ma ine  
Med ica l  Assessment  Foundat ion ,  ind iv idual  sur- 
geon data have been kept  confidential .  Each sur- 
geon has received his or  her own results and can 
compare  these wi th  the anonymous ly  presented  
data analysis o f  the other  surgeons in the state. We 
hope that  these efforts will enable us to improve 
the care that we deliver to our  patients. 
We gratefully acknowledge the assistance of June 
Tremblay, CMA of Maine Medical Center, R. B. Keller, 
MD, of Maine Medical Assessment Foundation, the 
Maine Health Information Center, and the members of 
the Vascular Surgery Study Group. 
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DISCUSSION 
Dr. Steven T. Ruby (Farmington, Conn.). I applaud 
your efforts in trying to establish a statewide registry. Dr. 
Gusberg and I have talked about this for the last 3 years, 
and hopefully this will be the impetus for us to finally put 
a registry together in a prospective way in Connecticut. 
When I reviewed the carotid endarterectomies per- 
formed in our state and reported it almost 5 years ago, one 
thing that struck us was that a large number of surgeons 
in the state were performing low-volume carotid surgery. 
I noticed, in your series, that seven of your surgeons were 
performing less than 10 cases per year. So, the volume 
outcome relationship is still interesting and still not 
resolved if you look at all of the reports that are in the lit- 
erature. My first question asks if you happen to know the 
specialties of the surgeons. In our data, the specialty had a 
large impact. For vascular surgeons, there was no relation- 
ship between volume and outcome. In fact, for those who 
did not have their vascular boards, specifically general sur- 
geons, there was a big relationship between volume and 
outcome. The busy general surgeons who were perform- 
ing many carotid endarterectomies were doing them per- 
fectly well, but the low-volume general surgeons eemed 
to have the higher stroke rate. 
My second point refers to self-reported results. As you 
have already stated, one has to be careful about these 
results, which have been big snags in setting up this reg- 
istry. If  you are going to set up a prospective database with 
any meaning, you have to understand your results. I was 
not quite sure what you meant by this "single chart 
review" way of checking the data. Could you explain that 
in a little more detail? 
Dr. Sara W. Mayo. First, I will explain the single chart. 
One large institution was reviewed to assess accuracy and 
was compared with the registry data from that hospital. 
No differences were shown in outcomes. 
In terms of low-volume surgeons, we are able to 
obtain frequency of carotid endarterectomies performed 
by other surgeons not represented here from the discharge 
data. Twenty-one of the 38 surgeons in Maine doing 
carotid endarterectomies performed less than 10 cases per 
year. Fifteen of the 21 surgeons were not represented in
the registry. 
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We did not break down specialties (ie, general surgery 
versus vascular surgery versus neurosurgery). The majori- 
ty of people in Maine have vascular training but are not 
vascular certified. 
Dr. Jens Eldrup-Jorgensen. I would like to address a
couple of those issues. I am also a skeptic and concerned 
about surgeons who self-report. At one hospital, we 
wanted to be sure that patients who had a bad outcome 
were reported to the registry. So, we reviewed the charts 
of all of the patients at that hospital who underwent 
carotid endarterectomy. No major adverse outcomes were 
unreported. 
With regards to setting up a registry in other states, at 
one time, the Medicare coding data did not allow you to 
differentiate between a preoperative and postoperative 
stroke. When we used the state discharge data to corrob- 
orate this study, we were only able to look at one major 
adverse outcome--death. In the new coding system, there 
will be a code for preoperative rsus postoperative stroke, 
and you should be able to use state discharge data to cor- 
roborate the results of any registry data. 
Dr. Anthony D. Whittemore (Boston, Mass.). I too 
am concerned about sampling error and small number of 
low-volume procedures. I would think that in 4 or 5 years 
you may begin to notice some significant differences, so I
hope that this is not the end of that study. 
Dr. Mayo. I agree. 
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